CONTEXT: Preeclampsia is often asymptomatic, and hence, its detection depends on signs or investigations. The platelet (PLT) parameters, in cases of preeclampsia with normal PLT count, are seldom analyzed. Hence, this study was undertaken to study the PLT parameters in nonthrombocytopenic preeclampsia cases.
Introduction
P reeclampsia is a syndrome characterized by new onset of hypertension which usually develops after 20 weeks of gestation affecting both mother and fetus. [1] It complicates 10% of all pregnancies in developing countries, and due to the varied clinical presentation, proper diagnosis is still an issue, especially in community health centers. There is a need for an affordable test that could offer a presymptomatic diagnosis to identify preeclampsia.
Although the pathogenesis of preeclampsia is poorly understood, there are studies which have shown that PLTs play a pivotal role. [2] PLT count has been shown to be a rapid procedure to estimate the severity of pregnancy-induced hypertension. [3] HELLP syndrome, associated with grave maternal and fetal outcome, is also characterized by low PLT count along with hemolysis and elevated liver enzymes. [4] Raised mean platelet volume (MPV) and platelet distribution width (PDW) have been shown to be correlated with severity of the disease, whenever there is decreased PLT count. [5] Although studies have demonstrated that the pathophysiological changes in preeclampsia including the change in PLT size precede by the fall in PLT count, the PLT parameters in preeclampsia with normal PLT count have not been thoroughly studied. [6] [7] [8] Hence, this study was undertaken to see if there are associations between PLT indices and severity of preeclampsia in nonthrombocytopenic cases and to evaluate if any of the parameters can be used as a severity marker of the disease.
Subjects and Methods
This study was conducted at the Department of Pathology in collaboration with the department of Obstetrics and Gynecology. Women with singleton pregnancy, clinically diagnosed with preeclampsia in the third trimester of gestation, visiting the outpatient Department of Obstetrics and Gynecology or admitted in the hospital during the study period of 1 year, were included. The study group comprised 235 preeclampsia cases with PLT count >1.5 lakh/cumm. They were divided into two groups -120 cases of preeclampsia with severe features and 115 cases of preeclampsia without severe features, classified according to the criteria of the American College of Obstetrics and Gynecology. [4, 9] Preeclampsia with severe features was defined if the pregnant woman had any one of the following criteria -systolic blood pressure of 160 mmHg or more/diastolic blood pressure of 110 mmHg or more on two occasions, six or more hours apart; oliguria with excretion of <500 ml urine in 24 h; pulmonary edema or cyanosis; impairment of liver function tests; visual or cerebral disturbances; and pain in the epigastric area or right upper quadrant. Preeclampsia without severe features was diagnosed when a case had systolic blood pressure of 140 mmHg or higher/a diastolic blood pressure of 90 mmHg or higher was occurring after 20 weeks of gestation in a woman whose blood pressure was previously normal. As a control group, age-matched 203 cases of normal pregnant women were also included in the study. The normal pregnant women were also in 28-40 weeks of gestation. Women with a history of diabetes, hypertension, systemic or endocrine disorder, chronic infection, chronic renal disease, fetal anomaly and in labor were excluded from the study.
After obtaining informed written consent, 3 ml of venous blood was obtained from each patient under aseptic condition and collected into vacutainers containing ethylenediaminetetraacetic acid (EDTA). After calibration and running quality controls, the blood samples were analyzed in Beckman Coulter Act 5 Diff cell counter within 1 h of sampling. The PLT and PLT indices thus obtained were recorded. The PLT indices included MPV and PDW. The age, gestational age, pregnancy outcome, and blood pressure measurement were recorded for each case.
The data were analyzed using SPSS for Windows, version 20.0 (Chicago, Illinois, USA). All continuous data with normal distribution are represented as mean (standard deviation). Analysis of variance test and Student's t-test were used to test the variation of mean in different groups and its significance. P < 0.05 was considered statistically significant. Correlation coefficients between mean arterial pressure (MAP) and PLT indices were analyzed in preeclampsia cases. Receiver-operating characteristic curve (ROC) was used to estimate the cutoff value for predicting disease progression to severity. Regression analysis to describe their predictive values quantitatively was also performed. The study protocol was reviewed and approved by the Institutional Ethical Committee.
Results
The clinical details of the cases are given in Table 1 . Cases of Preeclampsia with severe features are referred more frequently to our hospital, as these require more expertise and facilities to manage, which may not always be available in a community health center. Hence, in this study, there were more number of preeclampsia cases with severe features than cases without severe features. The groups were well matched for age and gestational age. As expected, the MAP was significantly higher in preeclampsia cases with severe features when compared to preeclampsia without severe features and normal pregnant cases (P < 0.001). Preeclampsia cases with severe features were more often nulliparous and underwent cesarean section frequently when compared to other groups. One case of preeclampsia with severe features was complicated by intrauterine death of the fetus, whereas all cases of preeclampsia without severe features and normal pregnancy had a good perinatal outcome. The mean birth weight of neonates was also lowest in the preeclampsia cases with severe features (2.6 ± 0.5 kg).
The mean values for PLT indices are given in Table 2 . Despite the PLT count being normal (>1.5 lakh/cumm) in all the cases included, it was observed that PLT values decreased as the severity of the disease increased and was statistically significant when preeclampsia cases with severe features were compared with preeclampsia cases without severe features and normal pregnant cases (181. To know the correlation between MAP and PLT indices, we used Pearson's product-moment correlation coefficient or Pearson's r, which is a measure of strength and direction of linear dependence between two variables. It ranges from + 1 to −1, where 1 indicates total positive correlation, 0 indicates no association, and −1 indicate total negative correlation. In both types of preeclampsia cases, PLT was statistically correlating with MAP in a negative manner [ Table 3 ], whereas MPV and PDW values were positively correlating with MAP. Area under the curve (AUC) for each parameter in the ROC curve analysis showed that MPV and PDW have good diagnostic significance, of which MPV had the highest value (AUC = 0.78, 95% confidence interval [0.719-0.842]) [ Table 4 and Figure 1] . Next, to estimate the cutoff value of the PLT indices for differentiating between preeclampsia with and without severe features, we investigated their sensitivity and specificity [ Table 4 ]. Of all the PLT indices, MPV had the highest sensitivity and specificity to differentiate preeclampsia with and without severe features. MPV at a cutoff value of >10.95 fL had a sensitivity of 80% and specificity of 75%. On performing binary regression analysis on the PLT parameters, MPV was found to be more reliable in predicting the disease progression to severity than PDW [ Table 5 ].
Discussion
The results from our study showed that as the severity of preeclampsia increased, there was a decrease in PLT count, while MPV and PDW increased, which are consistent with previous reports. [5, 10] It has been proposed that the thrombocytopenia seen in preeclampsia is due to peripheral consumption, destruction, and reduced life span of PLTs. [11] PLT size is determined at the level of the progenitor cell (megakaryocyte), and studies have reported that cytokines can lead to the production of more reactive, larger PLTs. Thus, the PLT volume has been proposed as an indirect marker of increased PLT reactivity. [12] The major pathophysiology leading to preeclampsia is due to the incomplete invasion of trophoblasts into spiral arterioles, leading to endothelial dysfunction and activation. [13] The resulting release of vasoactive amines, in turn, causes PLT activation with PLT swelling, pseudopodia formation, and accelerated release of new PLTs. [14] This leads to an increase in MPV and PDW. Hence, PLT count alone is not an indicator of the progression of the disease, and PLT parameters have to be investigated consequently in these cases.
Although PLT count remained well above the lower limit (>1.5 lakh/cumm), it was noted that the PLT count in our study decreased as the MAP increased. Mohapatra et al. also showed an inverse correlation between PLT count and blood pressure in pregnancy-induced hypertension. [3] In our study, we have also shown that a positive correlation with MAP was seen with PLT indices indicating the continuous activation of PLTs, well before there is a significant fall in the count.
When ROC curve was plotted for determining the diagnostic significance of PLT indices in preeclampsia, good diagnostic significance indicated by their higher AUC was noted. The most useful cutoff values of these indices for predicting disease progression in preeclampsia in clinical practice are unknown. Hence, to estimate the cutoff value of various PLT indices to predict the severity of preeclampsia, we investigated their sensitivity and specificity. At a cutoff value of 10.95fL, MPV was found to have sensitivity and specificity of 80% and 75%, respectively. von Dadelszen et al. have also reported that among the variable markers studied in 594 cases of preeclampsia, MPV: PLT ratio could independently predict the adverse maternal outcome in preeclampsia and opined that this change occurs due to peripheral consumption of PLTs. [15] Howarth et al. found that a probability plot constructed using discriminant analysis of MPV versus PLT for preeclampsia was useful in confirming risk of preeclampsia. [16] We have also found that among both MPV and PDW, MPV was more useful for predicting the disease progression to severe form. Among the various coagulative and PLT parameters studied by Han et al., thrombin time and MPV were found to have the highest AUC, suggesting that these markers were ideal for predicting the onset of the disease. [17] However, they also demonstrated that MPV was more robust as a severity marker when compared to thrombin time. Vagdatli et al. found that MPV and PDW were significantly increased in the study group comprising cases with PLT activation when compared to healthy controls. They opined that since serial measurement of PDW and MPV is not always possible, simultaneous rise in both will indicate PLT activation. [18] Even in our study, we have shown that at a cutoff value of >17.4%, PDW had sensitivity of 66% and specificity of 62%.
Other hematological and radiological variables studied along with PLT indices in preeclampsia have validated the use of MPV to prognosticate the disease progression. [19] [20] [21] A study done by Kim et al. showed that PLT-lymphocyte ratio predicted a shorter time interval between admission and delivery of the preeclampsia cases. [19] Mannaerts et al. have found that among the inflammatory markers that can be analyzed from complete blood count, i.e., neutrophil-lymphocyte ratio, PLT-lymphocyte ratio, and MPV, the later could be a useful marker to estimate the onset of the disease in early pregnancy. [20] According to a study done by Abdel Razik et al., abnormal Doppler findings along with a significant increase of MPV and PDW had a higher incidence of developing severe preeclampsia. [21] However, studies done by Calvert et al. and Makuyana et al. showed that there was no statistically significant change in PLT indices when compared to normal pregnancy, especially volume indices (MPV and PDW) in preeclamptic cases. [22, 23] Myatt et al. also found in their study that though the proportion of women with a MPV at or above the 75 th percentile was higher among preeclamptics compared with normotensive women, MPV was not found to be associated with development OR=Odds ratio, MPV=Mean platelet volume, PDW=Platelet distribution width of severe preeclampsia. [24] Ceyhan et al. who also found similar results, attributed the conflicting results of PLT indices in preeclampsia to the different methods of estimating them and choice of anticoagulant for the collection of blood. [25] The time duration between collection and estimation also influences the outcome of volume indices. [26] Since PLTs exhibit time-dependent swelling in EDTA, it is recommended that volume indices should be measured within 2 h after venipuncture. [27] Hence, for reliable volume indices measurement, either anticoagulant or time delay has to be controlled. Although time-dependent swelling of PLTs is not seen with citrate samples, in a study done by Lancé et al., it was shown that PLT count was most stable in blood collected in EDTA. [27] As practiced in most hospitals worldwide, even in our center the venous blood is collected in EDTA tubes for complete blood count. It is analyzed in Beckman Coulter Act 5 Diff cell counter by impendence method. The analysis is done within 1 h of collection of blood samples for all cases in accordance with the standard operating procedures of the laboratory. Since the time duration between sampling and analysis is standardized, the potential influence of anticoagulant on PLT swelling was not seen in our study. Hence, our study found statistically significant changes in PLT indices in preeclampsia patients.
Although there is a lack of prophylactic or many treatment options for preeclampsia, there is a need for biomarkers which could aid in the detection of this disorder and also have an impact on the management of a patient, like referring the patient to a higher center. Numerous candidate markers have been discussed in literature for screening and/or diagnostic utility with high sensitivity and specificity than clinical methods in preeclampsia cases. However, an ideal biomarker in a resource-poor setting should require limited technical assistance, be affordable, and have high accuracy. [28] Through this study, we have shown that PLT indices can be valuable tool in deciding the disease severity if standard measures are followed before and during analysis. PLT indices are readily available in most hematology counters when analyzing the complete blood count measurements. Even when EDTA is used, by controlling the time delay for analysis, PLT indices are useful candidate marker for preeclampsia cases with severe features. Further multicenter studies involving larger population are needed to estimate whether PLT indices could be used as a biomarker in preeclampsia.
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